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ABSTRACT

Introduction: Elastomeric chains became widely known amongodihtists due to
their ease of use, reduced chair-side time, low, @&l high flexibility. Elastomeric
chains can be used to close spaces in extracties &6 well as to close generalized
spacing. Because of their widespread use in orthterdy it is critical for orthodontists
to understand their tensile qualities when they warder stress. If their dimensions
change quickly, such as within 24 hours of usejrth#iciency in the retraction
system will suffer. Patients undergoing fixed meutherapy are usually prescribed
mouthwashes, in addition to tooth brushing and rothterdental aids. Hence, the
orthodontist must understand how fluoride-contajnmouthwash affects the tensile
properties of the elastomeric chailgnce, this study was conducted with the aim to
determine the effect of 0.05 percent Sodium Flnmdouthwash on the tensile
strength and percentage elongation of elastombams both in-vitro (i.e., exposed to

air) and in-vivo (i.e., intraorally, in the mouth).

Materials and Methods: In the present study, open elastomeric chaind ohits

were tested. There were 4 groups; Group was th&aatagroup, group Il included
elastomeric chains that were stretched in the eateenvironment for 24 hours,
Group Il included E-chains that were stretched 2drhours in the oral cavity, and
Group IV included the E-chains that were stretchethe oral cavity for 3 weeks.
Groups I, Ill, and 1V were subdivided into two Subups A and B. The elastomeric
chains in Subgroup A were immersed in Sodium Fiieomouthwash (0.05%) while
in Subgroup B, there was no exposure. For the tie-\study, two personalized
wooden test jigs were prepared, and the E-chains steetched to 16 mm. For the in-
vitro study, two crimpable hooks were placed onstatito the canine bracket and the

other one, mesial to thé'nolar tube. Patients in Subgroup A were instruttedse
viii



mouthwash for 60 seconds twice daily. The elastanudrains were removed after the
specified time interval and transported to Praj imldPune for tensile strength and

percentage elongation testing.

Results: The mean tensile strength measured 24 hoursstifegching (i.e., in Groups
I A and B and Group Il A and B) did not exhibibhya significant decline. However,
when compared to elastomeric chains stretched vegeks (i.e., Group IV A- 24.94 +
1.32 N and Group IV B- 25.17 = 1.27 N), the tensleength was significantly
reduced (p<0.05). The greatest tensile strengthedse reported was 24.94 + 1.32 N,
in Group IV A. In terms of percentage elongationwas discovered that it was
significantly increased in all groups. The elastomehain’'s initial length taken was 8
mm. The greatest elongation was recorded in Grau@ 1(14.2331 £ 0.93 mm)
patients after 3 weeks in the oral cavity using theash, which increased by
77.91%. There was no significant difference in teesile strength and permanent

elongation of E-chains when used with or withouuthavash.

Conclusion: Based on the recorded data and statistical asalys tensile properties
of elastomeric chains are dependent on time, howy tbe chain was stretched out
and maintained, exposure to sodium fluoride moudihwand whether the tests were
conducted intraorally or outside. Elastomeric chalo not lose their tensile strength
significantly after being stretched for 24 hourfieTvariation arises when they are
stretched intraorally, as the decrease is greateivo than in-vitro. When exposed to
sodium fluoride mouthwash, the mean tensile strerajt the elastomeric chains
decreases, however, this decline is not significartfter being stretched for three
weeks, there was a considerable loss of strengtblying that the elastomeric chains

for the retraction system should be changed evepetweeks. All elastomeric chain

iX



groups experienced significant permanent elongatiblowever, the greatest

elongation was observed after 3 weeks of intramxpbsure to Sodium Fluoride.

Keywords : Elastomeric chain(s), Sodium Fluoride Mouthwash(&ensile strength,

Percentage Elongation, Force decay
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I ntroduction

INTRODUCTION

Orthodontic therapy has progressed to new levelsemrms of excellent
treatment outcomes due to the rapid progress bbdadntic procedures and materials,
resulting in the widespread usage of fixed ortheidomechanotherapy. Fixed
mechanotherapy allows for complete control ovethiadignment and precise force
application, making it useful for the treatmentamly tooth malalignment as well as
multidisciplinary orthodontic, surgical, and prostic treatment. Treatment is not
always limited to the use of brackets; orthodomtichwires and auxiliary parts are
frequently required to apply precise and coordiddteces. For many years, elastic
orthodontic components known as elastomers haven sed as one of those

auxiliary elements:*

Elastomers are a broad category of materials thiatkly return to their
original dimensions after deformation. The firsolam elastomer was natural rubber,
which was most likely used by the historical In@m Mayan civilizations. It was
only used in limited situations due to its undddeaemperature behaviour and water
absorption qualities. After Charles Goodyear inedntulcanization in 1839, natural
rubber's popularity skyrocketed. Baker, Case, angléwere the first to advocate for

natural latex rubber elastics in orthodonti®s.

Synthetic rubber polymers, which were developedhfpetro-chemicals in the
1920s, have a feeble molecular bond composed ofapyi and secondary linkages.
When the system is at rest, it has a uniqgue geamainfiguration of folded linear
molecule chains. When these molecular chains aend&d or distorted, they spread

out in an orderly linear shape at the expenseef#tondary bonds. At a few points

Page 1



I ntroduction

along the molecular chains, cross connectionsiofgry bonds are maintained. If the
distraction provided by the chains is insufficiemicause the primary links to rupture,
the extension will be released, allowing the chaibe restored to a passive state. The
elastic limit is exceeded when the main bonds aokdn, resulting in permanent

deformation®

Both ozone and UV radiation, which generate fregiceds, are extremely
harmful to synthetic polymers. The polymer's flekiyp and “tensile strength” are
reduced when exposed to free radicals. To couritdrase problems and increase the
shelf life of elastomeric materials, manufactutesse included antioxidants and anti-

ozonates'®

Elastomers are used in orthodontics in a varietghafpes and sizes, the most
common of which are separators, ligatures, rotatwegiges, elastic threads, and

chains.

Orthodontists have always desired simpler and easg@ys for closure of
spaces created by permanent tooth extraction. ©secthese extraction spaces,
various mechanisms have been used. A few commaeyd @xamples are closing

loops, colil springs, elastics, and “elastomeridrsia’

"Elastomeric chains" were originally employed imtstry in the 1960s and
have since become an important element of sevettabdontic practices- A linear
polymer like polyurethane is formed by the chemmalcess which involves reaction
of diisocyanate and a polyol, is used to make stidtelastic chains. The properties

of the material can vary from soft to rigid, elagt brittle.®
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I ntroduction

"Elastomeric chains" provide light constant forcks anterior segment
retraction, space closure in diastema cases, timmeof a rotated tooth, midline
correction, arch constriction, and traction of irojgal teeth. They have numerous
advantages over other materials in orthodontiash s1$ being inexpensive, hygienic,

simple to use, and requiring little or no patiessiatance™>1¢

Nevertheless, “elastomeric chains” have some daatdges. When they are
stretched and subjected to the oral cavity, thegimemoisture and saliva, get
discoloured, and undergo internal links breakdawsulting in irreparable deformity.
In many studies, it was discovered that, the “fodeeay” of “elastomeric chains”
exposed to a test solution (pH 7.26) was signitiyagreater than that of an acidic
solution (pH 4.95}/22 These "elastomeric chains" are susceptible tanstvhile in
use, lowering the force delivered by them, whichegacerbated in the oral
environment.?**?* Because of this force loss, orthodontists haveifficut time

determining the actual force that is acting ontéeh.*°

Manufacturers have attempted to address their @mihgs since their
introduction in the 1960s by changing the mater@ahposition (Power Chain, Rocky
Mountain Orthodontics [RMO], RMO Europe, StrasbquFgance) or the design
(Power Chain, Rocky Mountain Orthodontics [RMO], RMEurope, Strasbourg,
France) (Elast-O-Chain, TP Orthodontics Inc, Lat®dnd). The focus of developing
research has been to deliver light continuous &emaldy forces for a therapeutically

significant time period of 4 to 8 weeK$.

According to previous studies, “elastomeric chaifast 50% - 70% of its
original force on the®*lday of application of load, with 30% - 40% of feremaining

after three weeks!®'92°2*® The |iterature is ambiguous about the amount of
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I ntroduction

“elastomeric chain” extension that might be reqdite achieve force levels that
would be compatible with effective movement of teeth due to the wide variation in
initial force levels among manufacturers' devideesearchers recommended a 50%
to 75% extension after stretching some chains @94.0f its initial length, resulting

in initial force levels of more than 450 gm. Whaeullyf distracted, other chains
produce an appropriate force level of 300 é%\ndreasen and Bishara proposed that
the synthetic elastomeric chain be overstretchedetwerate a significantly higher
initial force in order to overcome the rapid logsarce. ' However, this may result
in increased patient discomfdit as well as other problems, such as undermining
resorption. * To reduce “force decay” over time, clinicians sldowstretch
“elastomeric chains” into place more slowly, acéogato Kovatch et aP* Young and
Sandrik observed that prestretching “elastomeraingi in air enhanced the residual

force by 17 to 25% after 24 hours when compareti@¢ain-prestretched controt$

Aside from manufacturing methods and compositioiffer@nces in time-
dependent force loss between nominally similar petel can be because of
differences in the manufacturing process of the uteduch as die-cut stamping and
injection moulding, additives might be present, &adous other morphological (such
as if the shape is an ellipsoid or it can be cacuhodules) or dimensions of the

chains (such as presence or absence of an intetandigi) >°>%

Billmeyer proposed that polymeric materials carpbemanently deformed by
stretching of the molecular chain, if slippage asdoetween neighbouring molecular
chains, and scission of the molecular ch&inthe material undergoes an immediate

elastic deformation while being stretched. When Ithaal is kept constant, there is

Page 4



I ntroduction

delayed elastic deformation and irreversible viscadeformation, resulting in

percentage “elongation®*

After unloading, the elastic force is immediatedgtored, and the latent elastic
force decays. The rate at which loading is done thedtime span, for how long
loading is done, as well as environmental factaishave an impact on the tensile

performance of elastomers®®>’

Given the therapeutic importance of these materialsorthodontics, the
behaviour of “elastomeric chains” in strain is ofportance. If the dimensions of the
material change quickly, such as within 24 hourshef start of loading, the chain’s
dimension will be elongated for the entire time whesed intraorally, impeding its
performance in the retraction/ space closure masima ensile testing could be used
to determine the chain's resistance to fractuteth directions. This feature could aid
in calculating the likelihood of chain breakagenas| as the effect of intraoral ageing
on the material's strengtFl.38 As a result, it is critical for orthodontists tmdw the
mechanical properties of elastomeric materialsaith in-vitro and in-vivo conditions
in order to exert optimal forces and achieve theirdd tooth movement in the

shortest possible time.

Maintaining oral hygiene in patients undergoinghodontic treatment
becomes difficult, which has been a concern foades. There is an increased risk of
plaque accumulation and white spot lesions arodmed racket margins and the
gingival third of the teeth. To address this issnany orthodontists recommend that

patients use “mouthwash” as an additional aid imtaaing their oral hygiene.
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I ntroduction

“Mouthwashes” are commonly prescribed for patientsdergoing fixed
orthodontic treatment in addition to tooth brushiagd other interdental aids.
“Mouthwashes” have been employed for generatiomswiole range of medicinal
purposes, but the rationale behind the use of atermgredients has only recently
been subjected to scientific research and clirtitalls. Dentists today work in a time
when patients are more concerned about their agaltih as well as their overall
medical well-being, and they have become incregsingportant as subjects' demand
for maintaining oral hygiene has growii:’ It was originally known that fluoride
treatment could decrease the risk of tooth decastjqularly in orthodontic patients
who are prone to enamel demineralization arounHodudntic attachments***4
However, studies have shown that fluoride in “medbkh” may influence the force
of “elastomeric chains”, resulting in insufficietooth movement®>*°As a result, the
orthodontist must understand how fluoride-contajriimouthwash” affects the tensile
properties of the “elastomeric chainklence, this study was conducted with the aim
to assess how the “Sodium Fluoride” (0.05%) “mowthw affected the “tensile
strength” and percentage “elongation” of “elastamerhains” both in-vitro (i.e.,

exposed to air) and in-vivo (i.e., intraorally,tire mouth).
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Aim and Objectives

AIM AND OBJECTIVES

AlM OF THE STUDY:

To compare and evaluate the effect of “Sodium Hedr “mouthwash”
(0.05%) on the “tensile strength” and percentagorgation” of “elastomeric
chains”; in-vitro (i.e., exposed to air) and in-wii.e., intraorally in saliva at body

temperature, 37°C).

OBJECTIVESOF THE STUDY:

(1) To assess experimentally the “tensile strengthetdstomeric chains” before
and after stretching in both in-vitro (i.e., expdsé air) and in-vivo
environment (i.e., intraorally in saliva at bodyngerature, 37°C) and when
subjected to a medium, namely, “Sodium Fluoride’dtrthwash” (0.05%) in

both in-vitro (i.e., exposed to air) and in-vivoveonment.

(2) To assess experimentally the percentage “elondabibfelastomeric chains”
after stretching in both in-vitro (i.e., exposedaio) and in-vivo environment
and when subjected to a medium, namely, “Sodiunoridla” “mouthwash”

(0.05%) in both in-vitro (i.e., exposed to air) anevivo environment.

(3) To assess the effect of “Sodium Fluoride” “mouthiwa$0.05%) on the
“tensile strength” of “elastomeric chains” in bathvitro (i.e., exposed to air)

and in-vivo environment.

(4) To assess the effect of “Sodium Fluoride” “mouthiwa$0.05%) on the
percentage “elongation” of “elastomeric chains’bith in-vitro (i.e., exposed

to air) and in-vivo environment.
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Review of Literature

REVIEW OF LITERATURE

1) Emanuel Braga, Gabriella Souza, Paula Barretto, Ca Ferraz and Matheus
Pithon (JIOS 2019)* examined how hot drinks (hot water, hot green aedl, hot
coffee at 70 = 1°C) affected the degradation ofi@ibntic “elastomeric chains™

tensile strength.

* They concluded that exposure to hot water, hotrgtea, and hot coffee at 70
+1°C contributed to a statistically significant $oef strength of orthodontic
"elastomeric chains" after 7 and 14 days.

2) Patel A, Thomas B.(Journal of the World Federatiorof Orthodontists 2018)°
assessed and compared the in-vivo “force decay™ebdistomeric chains”
produced by four different companies (Super Sli&lastick, Memory chain and

Dyna-Link) over a period of six weeks with the hefpa digital force gauge.

They concluded that:

* One hour after placing the E-chain, the most siggit force reduction was
seen.

» By the end of six weeks, the force was almost @bt decreasing.

 The force lost in each “elastomeric chain” of vasocompanies varied
significantly.

» Three of four “elastomeric chains"—Memory chain bpmerican
Orthodontics, Alastick by 3M Unitek, and Super Blly TP Orthodontics—
had retained a substantial amount of force to caasee retraction. Dyna-
Link (by G&H Orthodontics), was the only “elastonerchain” that had
experienced such a significant “force decay” thatvas unable to retract

canine after six weeks.
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Review of Literature

3) Matheus Melo Pithon, Dandara Andrade Santana, K&ssi Henrique Sousa,
Isa Mara Andrade Oliveria Farias (The Angle Orthodontist 2013) 2 in their
study examined the force of “elastomeric chaindectd by “mouthwashes”

containing bleaching agents and those without-vitito setting.

They found that:

* The force loss was not significantly impacted by timteraction of the
“elastomeric chains” with “mouthwashes” containirigaching agents.

* The highest force reduction was seen within tret 4 hours.

4) Baratieri C, Mattos CT, Alves Jr M, Lau TC, Nojima LI, Souza MM, Araujo
MT, Nojima MD (Brazilian dental journal 2012) ' evaluated whether

“elastomeric chains™ “tensile strength” was altergy intraoral exposure and
compared conventional (plastic chain) to enhandeins (Memory Chain and

Super Slick Chain)
They concluded that:

» After an initial 180 g of activation, in-vitro stehing of the “elastomeric
chain” caused a“force decay” during the three-wesskting period, and the
greatest “force decay” was after tHéHour.

* In the enhanced chains, Memory Chain and Supek Slltain, the residual
force and its percentage at every time period vaggker than in the standard
“elastomeric chain”, plastic chain.

« Only the enhanced chains continued to exert a fgreater than 100 g after

three weeks.
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Review of Literature

5) T. Eliades, G. Eliades, N. Silikas and D.C. WattsEJO 2004)° assessed
“elastomeric chains™ “tensile strength” and petege “elongation” both in in-

vitro setting and in-vivo setting.

They concluded that:

* The “elastomeric chains” underwent permanent deftion indicated as
“elongation” after being stretched in vitro. Becawd the wide variety in the
"elastomeric chain" form, thickness, and lengthhaf links among specimens
from the similar category, the structure or morplgyl of the "elastomeric
chain" (open or closed) had no effect on its peaggn “elongation”.

* The toughness of the specimens did not corresporilet “tensile strength”
group rankings. The reason could be variances gtisen deformation
while loading, which could have occurred eithesgtally or plastically.

* Interms of “tensile strength” and toughness, noeatation was found between

control group, stretched in the air, and recoveladtic chain specimens.

6) Evans KS, Wood CM, Moffitt AH, Colgan JA, Holman JK, Marshall SD,
Pope DS, Sample LB, Sherman SL, Sinclair PM, Truloy TS. (AJODO 2017)
! assessed if an unaltered “elastomeric chain” céelep moving teeth for 16-
weeks and compared it to the remaining force ferslime sample of “elastomeric

chains”

Theyconcluded that:
* The altered site, where* elastomeric chain” wadaegd at every four weeks,
closed more quickly than the unaltered chain digt, the difference was
statistically insignificant suggesting that the ltex@d “elastomeric chains”

continued to close spaces throughout the 16-weglsanement period.
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* They also compared the in-vivo data were to theitmo- “force decay”
measurements for the same “elastomeric chain” andd that a force lower

than 100 grams had a clinical impact on tooth me@m

7) Kim KH, Chung CH, Choy K, Lee JS, Vanarsdall RL. (AJODO 2005)°
studied how prestretching affected the time-depentferce decay” of synthetic

“elastomeric chains”.

They further testified that:

e The initial forces of the prestretched 5- & 6-urfigdastomeric chain” were
much lower than those of the corresponding conteaid within the first hour,
there was significant “force decay”.

* A comparable rate of force depreciation was sedwdsn the prestretched
and control groups from 1 hour to 4 weeks.

» After 4 weeks, similar residual forces were recdrdetween the control and

prestretched groups.

8) Buchmann N, Senn C, Ball J, Brauchli L. (The AngleOrthodontist 2012)*°
examined the rate of “force decay” when the init&tain is applied to
commercially available elastic chain8M Unitek, American Orthodontics,
Dentaurum, Forestadent, GAC, Ormco, Ortho Orgasitec, Rocky Mountain

Orthodontics)
They concluded that:

* In the first 24 hours, there was a significant dase in force throughout the

course of three weeks, but there was little lossr afiat up until three weeks.
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Loss of force depended solely on the type of clweimg tested and not on
initial activation.

They stated that after 3 weeks, the force losken‘élastomeric chains” from
American Orthodontics, Ormco, and Rocky MountainhGdontics was only

40%.

9) Ramazanzadeh BA, Jahanbin A, Hasanzadeh N, Eslami.NJournal of

Clinical Pediatric Dentistry 2009) ** examined how “mouthwash” containing

0.05% “Sodium Fluoride” affects “elastomeric chdinslastic characteristics,

which are often used in fixed orthodontic treatment

They found that:

Using NaF “mouthwash” increases the amount of aision needed to
generate 150g and 300g forces. However, the inereas not statistically
significant for 150 g of force, but it was for 3@0of force, which is greater
than the ordinary forces employed in orthodontics.

Additionally, there were no appreciable changesthe “force decay” of
“elastomeric chains” between “mouthwash” and sadiud saliva alone.

The amount of “force decay” and distraction neettedpply 150 g and 300 g
of force to the two-test media differs significantbetween American
Orthodontics and Dentaurum chains; as a result, risae Orthodontics
chains required more distraction and had greatercé& decay” than

Dentaurum chains.
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10) Hassan HM, Mudhir AM. (Journal of Duhok University 2020)** assessed the
effect of commercially used “mouthwashkirg, Vitis, Perio Aid, Splat White
“mouthwashes”pn the “force decay” of orthodontic “elastomeri@ns”.

They concluded that:

» Daily use of “Sodium Fluoride” “mouthwash” couldhleance “force decay” of
“elastomeric chains” on*land 28 day following activation.

» Splat “mouthwash” had the least impact on the edtevhich “elastomeric
chains” degrade over time, while Kin and vitis induthe highest rate of

“force decay”.

11) Menon VV, Madhavan S, Chacko T, Gopalakrishnan S, dacob J,
Parayancode A (Journal of Pharmacy & Bioallied Scirces 2019)* evaluated
the impact of various “mouthwashes” and their actingredients on the “force
decay” of “elastomeric chains”. This study examintb@ effects of Listerine,
Colgate Phos-Flur, Clohex Plus “mouthwashes”, 268é6hol, 0.04% “Sodium

Fluoride”, and 0.2% chlorhexidine on the “force agtof “elastomeric chains”.

They concluded that:

* In 28 days, “elastomeric chains” experienced theaggst “force decay”
(71.61%) due to Listerine “mouthwash” (alcohol-#}s@ he least amount of
“force decay” (64.91%) in “elastomeric chains” igobght on by the
chlorhexidine based Clohex Plus “mouthwash”. Cadathos-Flur, a fluoride-
based product, results in a 65.22% “force decay'etestomeric chains”.

* By the course of the 28-day period, alcohol (26.9%4omponent of Listerine,
was responsible for 69.26% of the “force decay”e TBolgate Phos-Flur

ingredient NaF (0.04%) was the cause of 64.2% efdhce deterioration. The
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ingredient in Clohex Plus “mouthwash”, chlorhexigif0.2%), contributed to

64% of the “force decay”.

12) Kardach H, Biedziak B, Olszewska A, Golugiska-Kardach E, Sokalski J.
(Adv Clin Exp Med 2017) ** evaluated and compared the “tensile strength” of

plastic and elastomeric memory chains in-vitnmersed in 37°C artificial saliva.

They confirmed that:

* To maintain a moderately consistent force value,“8lastomeric chain” used
in orthodontic treatment must be changed every feeks.

* Due to a lower rate of mechanical and elastic ptggess than plastic chains,
memory chains are more efficient in orthodontiaaipg.

13) Sonis AL, Van der Plas E, Gianelly A. (AJO 1986}° assessed the effects of
nylon-covered latex thread on canine retractioesralong a continuous arch wire
in vivo using a Class | force system and compaoeithdse of several elastomeric
auxiliaries Unitek elastic thread, Unitek Alastik thread andciKo Mountain
chain)

They concluded that:

* It produced roughly equal amounts of tooth movem#nis, the clinician's
decision to use one of these systems must be lbasetther factors like patient
hygiene, comfort, and operator’s manipulation.

* In comparison to elastic thread, they found tha&t éhastomeric auxiliaries

were more hygienic and simpler to use.
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MATERIALSAND METHODS

MATERIALSAND ARMAMENTARIUM

1) “Elastomeric chains” (Optima Flexichain Latex-fr&5A)

2) Personalized Wooden Test Jigs

3) Steel Finishing Nails

4) Metal Scale

5) Mechanical Divider

6) Colgate Plax “mouthwash” (NaF 0.05%)

7) Crimpable Hooks

8) Universal testing machine

STUDY DESIGN:

In-Vitro and In-Vivo Study

SOURCE OF DATA/LABORATORY DETAILS:

* The study will be conducted in the Department ofh@dontics and Dentofacial
Orthopaedics, “KLE VK institute of Dental Sciend€l.E Academy of Higher
Education and Research, Belagavi.”

* The “tensile strength” and percentage “elongatioin“elastomeric chains” will be

assessed at Praj Metallurgy Laboratory, Pune, Maihdna
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SAMPLE SIZE ESTIMATION

FORMULA

The sample size (n) is derived by using the “colmgatwo means” formula:

2 2 2
n=(c +o /K)(Z +7Z )
1 2 a2 1-B

2
A

Where,

0 , = standard deviation of Group 1,

0 , = standard deviation of Group 2

A = difference in group means (master article refezenEliades T et al)

A = difference in group means (master article refegenEliades T et al)

K=ratio=n2/n1=1

Z1-0/2 = two-sided Z value (eg. Z=1.96 for 95% confidemterval)

Z1B = power

Substituting the values in the above formula,

n = {(1.9)2+(9)2} (1.96 + 0.84)2
(25.0-19.5)2

A sample size 021.79~ 22 specimens in each group is derived, considering 4

groups, a total sample size of 88 specimens igelkri
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METHODOLOGY:

The study was conducted in the “Department of Qitimdics and Dentofacial
Orthopaedics, KLE VK Institute of Dental SciencelLEK Academy of Higher
Education and Research, Belagavi.” Ethical cleaam@as obtained from the
institution. The sample size for this prospectivevivo and in-vitro study was
calculated to be 88 specimens, comprising 22 spw@mn each of the 4 groups.
Patients who visited the Department of Orthodonéind Dentofacial Orthopaedics,
KLE VK Institute of Dental Science, Belagavi, wareluded in the in-vivo study.
Informed consent was obtained from all patientspeding to the recommendations
of our ethics committee at KLE VK Institute of DahScience, KAHER.

The inclusion and exclusion criteria of the stuslyrientioned in Table 1 and

Table 2 respectively.

INCLUSION CRITERIA:

IN-VITRO IN-VIVO
» "Elastomeric chains" within  the * Orthodontic treatment involving first
expiration dates. premolar extraction in all the quadrants.
» Stored in sealed plastic packages. » Pre-adjusted  edgewise  appliance
therapy

 After the levelling and aligning phase
of orthodontic treatment.

* 0.019" X 0.025" stainless steel (SS)
archwires in the upper and lower
arches.

» Good oral hygiene.

* Patients willing to sign the previously
approved informed consent form.

Table 1: Inclusion criteria of the in-vitro and in-vivo study.
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EXCLUSION CRITERIA:

IN-VITRO IN-VIVO
» "Elastomeric  chains" stored inh » Orthodontic treatment not involving
improper conditions. first premolar extraction.
» Deformed elastomeric chains. » Subjects with broken or missing

elastomeric chains.
» Subjects with systemic diseases.
» Subjects with poor oral hygiene.

Table 2: Exclusion criteria of thein-vitro and in-vivo study.

In this prospective, experimental study, open ‘tela®ric chains” (Optima
Flexichain latex-free; Desires) i.e., with the mmedular link of 3 units were
included. The samples were obtained by gently oyt loops of “elastomeric chain”
from the spool, using a pin and ligature cuttergrBent cutting was always done in
the middle portion of the fourth link at each of #nds so that no damage to the

structure of “elastomeric chains” occur during itggt-°

Stretching of the elastomeric samples was avoideiteweutting as this could
have incorporated strain in the elastomeric mdtba#ore the testing. The specimens
weren't pre-stretched. The segments were stretethed6mm, i.e., the distance

between the middle of the buccal surfaces of caaimkesecond premolér

The specimens were classified as follows:
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GROUP |

"Elastomeric chains" in as-
received state

ELASTOMERIC CHAINS

PHASE 1

GROUP I

24-hours in air, i.e.,, 16mm.
IN-VITRO

GROUP I

"Elastomeric chains" following 24
hours exposure in oral cavity
elongated at 16mm

IN-VIVO

PHASE 2

GROUP IV

"Elastomeric chains" following 1
weeks exposure in oral cavity
elongated at 16mm.

IN-VIVO

Materials & Methods

"Elastomeric chains" stretched for

SUBGROUP A

Exposure to a medium, namely, Sodium

Fluoride "mouthwash" (0.05%) for 60§

seconds twice daily, i.e., at 12 hours
interval

SUBGROUP B
No exposure

seconds twice dalily, i.e., at 12 hours inte

SUBGROUP A

Exposure to a medium, namely, Sodiufn
Fluoride "mouthwash" (0.05%) for 60

SUBGROUP B
No exposure

SUBGROUP A

Exposure to a medium, namely, Sodidm

Fluoride "mouthwash" (0.05%) for 60

seconds twice daily, i.e., at 12 hours
interval

SUBGROUP B
No exposure
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For the in-vitro study, two personalized wooden test jigs were constructed
with 11 pairs of steel finishing nails placed 16 napart on each jig, which is the

distance between the middle of the buccal surfateanine and second premdtar

The specimens were stretched along the horizoatajth. The two jigs were
labelled as Subgroup A and Subgroup B. Subgroupa& uwnmersed in “Sodium
Fluoride” “mouthwash” 0.05% (Colgate Plax) solutifar 60 seconds twice at an

interval of 12 hours while Subgroup B was kept esqubto air.

For the in-vivo component, 0.022-inch slot stainless steel straight wire
bracket kit with a MBT prescription (3M, Unitek) waised in all the patients. All first
premolars were extracted in two stages in all p&dieThe first premolars on the same
side, maxillary and mandibular, were extracted le¢ same time, followed by
extraction on the contralateral side 5 days lalerensure the patient's comfort, all
first premolars were extracted about a week bebegnning orthodontic treatment.
Both arches were initially aligned and leveled gsimckel-titanium archwires until

0.019" X 0.025" stainless steel wire was reached.

Two crimpable hooks with a predetermined distanc&6onm between them
were attached and crimped to the 0.019" X 0.02&hkss steel archwir€ne hook
was crimped distal to the canine bracket while lagobne was crimped mesial to the
first molar tube. The distance of 16 mm was meabuiing a mechanical divider.
For all subjects, the same elastomeric chain (Gptitexichain Latex-free, USA) was
used. Sectional chains of three units were stretema placed on both sides of the

arch, resulting in four specimens.
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Patients in Group Il were required to report te thrthodontist the following
day (after 24 hours). These patients were thenomhd assigned to subgroups
(Subgroup A and Subgroup B). Patients allocate@ubgroup A were prescribed
“Sodium Fluoride” “mouthwash” 0.05% (Colgate Plawice for 60 seconds at an
interval of 12 hours while patients belonging td&wup B were asked not to use any
“mouthwash”. The elastomeric chain was removedaded in an airtight container
and shipped to the Praj Metallurgical LaboratoryPiane, Maharashtra for testing.
Patients in Group IV were asked to report to théhamontist after 3 weeks. The
orthodontist texted Subgroup A subjects in the nmgriand at night to remind them to
use the “mouthwash” as directed. The subject wagudilified from the study if the
subject missed his or her appointment or appearad ar her appointment with the

elastomeric chain either broken or missing.

Calculation of percentage “elongation”:

The original length (Lo) of the retrieved samples the spool was measured
using a mechanical divider and metal scale. Alcgpens that were placed intraorally
were washed with large volumes of distilled waterediminate poorly attached
intraorally produced integuments. When the testimg completed, the final length
(L) of the sample was measured by using a mechadiiider and metal scale. This
value was obtained in millimeters. The percentagierigation” was calculated (in

percentage) as:

2=[(L-Lo)/L0].100
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Calculation of “Tensile Strength”:

The specimens after the experiment were transpddeBune in vacuum
containers. They were calibrated in Universal Testlachine and then they were
extended at a rate of 5 mm per minute until breakabe testing machine comprised
of two stainless-steel wire hooks and an elast@irclattached to the hooks. The
tensile stress was applied to the samples of tlest@meric chain” and the breaking

force was measured for each sample. It was measubiéelwton (N).

STATISTICAL TEST:

1) Data obtained was entered in Microsoft Excel 20013

2) Descriptive and Frequency analysis will be doneubyg Statistical Product
and Service Solution (SPSS) (v.21.0) software.

3) Unpaired t-test was performed to determine the ifsigmt differences

between baseline and follow-up time period

4) p value of <0.05 will be considered statisticaligngficant at 95% confidence

intervals.
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RESULT

Table 1.1: Mean “tensile strength” (N) of the “elasomeric chains” (submerged in

“mouthwash”) stretched by 100% extension of their aginal length

With “mouthwash” (E) Number | Mean | SD -Mean t-value | p-value
Difference
Group | (Standard) 11 26.66| 0.95
In-Vitro | Group Il A(24 hours in 11 2653 205 0.13 0.862061 0.129204
the air)
Group | (Standard) 11 26.66| 0.95
In-Vivo | Group Il A (24 hours in 11 26.491.18 0.17 -0.51 0.960
mouth)
Group | (Standard) 11 26.66| 0.95
In-Vivo | Group IV A (3 weeks in 11 24.94 | 132 1.72 2.882 | 0.009
mouth)
Group Illn,;l;)l(JZts)hours in 11 26.49| 118
In-Vivo Grouo IV A (3 ks | 1.55 2.22194| 0.00843*
up VAEBweeksin |1 | 5494 1.32
mouth)
Graph 1.1: Mean “tensile strength” (N) of the
“elastomeric chains” (submerged in mouthwash)
stretched by 100%
57 26.66 26.53 26.66 26.49 26.66 26.49
26
24.94 24.94
24
Group | Group I A Group!|  Group A Group!| GroupIVA Grouplll A Group IV A
(Standard) (24 hours in (Standard) (24 hoursin (Standard) (3 weeksin (24 hoursin (3 weeks in
air) mouth) mouth) mouth) mouth)
IN-VITRO IN-VIVO IN-VIVO IN-VIVO

Page

26



Results

Table 1.2: Mean “tensile strength” (N) of the chais (with no exposure) stretched
by 100% extension of their original length

Without “mouthwash” (NE) Number | Mean | SD .Mean t-value | p-value
Difference
Group | (Standard) 11 26.66| 0.95
In-Vitro | Group Il B (2.4'r hours in 11 2658 1.64 0.08 0.371 | 0.16362
the air)
Group | (Standard) 11 26.66 | 0.95
In-Vivo | Group Il B (24 hours in 11 26.52 | 1.39 0.14 -1.785
mouth)
Group | (Standard) 11 26.66 | 0.95
In-Vivo | Group IV B (3 weeks in 11 2517 | 1.27 1.49 2.495 | 0.021
mouth)
Group IIImBOl(ﬁ:)hours in 11 26.52| 1.39
In-Vivo G VB (3 ks | 1.35 4.00517 0.00145*
roup VB (Bweeksin |11 | o5 17| 127
mouth)
Graph 1.2: Mean “tensile strength” (N) of the chairs
(with no exposure) stretched by 100%
26.66 26.58 26.66 26.52 26.66

25.17 25.17

Group | Group II B Group | Group Il B Group | Group IVB Group llIB  Group IV B
(Standard) (24 hours in (Standard) (24 hoursin (Standard) (3 weeksin (24 hoursin (3 weeks in
air) mouth) mouth) mouth) mouth)

IN-VITRO IN-VIVO IN-VIVO IN-VIVO

27
26.5
26
25.5
25
24.5

24
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Table 2.1: Mean “elongation”

Results

(mm) of chain groups $ubmerged in
“mouthwash”) after stretching by 100% extension oftheir original length

5

o

(2}

With “mouthwash” (E) Number | Mean SD Mean b P-
Difference | value | value
In- Group | (Standard) 11 8 0 ]
Vitro | Group Il A (24 hours in 11 | 9915 034423 T |1g.451| 000
the air)
n Group | (Standard) 11 8 0
Vivo Group Il A (24 hours in 11 12267 | 0.57226 -4.267 -24.73 0.000
mouth)
n Group | (Standard) 11 8 0
Vivo Group IV A (3 weeks in 11 14.2331] 0.93047 -6.23309 | -22.21 0.001
mouth)
. Group il nf; Ejzts)hours n 11 | 12.2670 0.57226
- _ -1.96609 | _ __ | 0.000*
Vivo Group IV A (3 weeks in 11 142331 0.93047 5.9694
mouth)
Graph 2.1: Mean "elongation" (mm) of chain groups
(with mouthwash) after stretching by 100%
14,2331 14,2331

9.915

Group | Group Il A Group | Group Il A
(Standard) (24 hoursin (Standard) (24 hours in

air)

12.267

l8'

Group | Group IVA  Group lllA Group IV A
(Standard) (3 weeksin (24 hoursin (3 weeks in

mouth)

IN-VITRO IN-VIVO

IN-VIVO

mouth)

12.267

mouth)
IN-VIVO

mouth)
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Table 2.2: Mean “elongation” (mm) of chain groups \ith no exposure) after
stretching by 100% extension of their original lenth

Without “mouthwash” (NE) Number | Mean SD .Mean t-value P
Difference value
In- Group | (Standard) 11 8 0
. ' -1.84187 | -29.8120.001*
Vitro Group 11 B (2.4r hours in 11 9.8419 | 0.20491
the air)
Group | (Standard) 11 8 0
In-Vivo ' -4,15582 | -15.203 0.000*
Group Il B (24 hours in 11 12 1558| 0.90663
mouth)
Group | (Standard) 11 8 0
In-Vivo ' -5.95475 | -16.176 0.001*
Group IVB (3weeksin | 1, 1139547/ 1.22093
mouth)
Group ”'mil(ﬁ:)hours n 11 | 12.1558 0.90663
In-Vivo Group IV B (3 weeks in -1.79893 | -3.923( 0.001*
up Weers | 11 | 13.9547 1.22093
mouth)
Graph 2.2: Mean "elongation" (mm) of chain groups
(with no exposure) after stretching by 100%
13,9547 13,9547
15 12,1558 12,1558
9.8419
10 8 8 8
0
Group | Group Il B Group | Group Il B Group | Group IVB GrouplllB  Group IV B
(Standard) (24 hoursin (Standard) (24 hoursin (Standard) (3 weeksin (24 hoursin (3 weeks in
air) mouth) mouth) mouth) mouth)
IN-VITRO IN-VIVO IN-VIVO IN-VIVO
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Results

Table 3: Comparison of Mean “elongation” (mm) of clain sub-groups after
stretching by 100% extension of their original lenth

Comparison Groups Number| Mean SD .Mean b P
Difference | value | value
. Group “tr?e(iﬁ-)hours n 11 | 9.9150 0.34423
L _ .07313 | 0.605 0.552
Vitro | Group Il B (sizrl)hours in the 11 98419 020491
. Group il r:]\; sztﬁ)hours n 11 | 12.2670 0.57226
: . 11118 | 0.344 0.734
Vivo Group Il B (24 hours in 11 12 1558 0.90663
mouth)
| Group '\r/nﬁu(i)""eeks n 11 | 14.2331 0.93047
V.n'o G VB (3 weeks i 27835 | 0.601 0.554
v roup IV B (3 weeks in 11 | 13.9547 1.22093
mouth)

Graph 3: Mean "elongation" (mm) of chain sub-groups
after stretching by 100% extension of their origindlength

9.915

12.267

Group Il A (24 Group 11 B (24  Group Ill A (24
hours in air) hours in air) hours in mouth)
IN-VITRO IN-VIVO

Group Ill B (24

12.1558

14.2331 13.9547

Group IVA (3 Group IVB (3
hours in mouth) weeks in mouth) weeks in mouth)

IN-VIVO
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Table 4. Comparison of Mean “tensile strength” (N)of the chains’ subgroups
stretched by 100% extension of their original lendt

Comparison Groups Number | Mean SD .Mean b P-
Difference | value | value
. Group Il A (sié:)hours in the 11 2653 | 205
) -0.05 | 0.19774
. ; 0.8878
Vitro Group Il B (2.4r hours in the 11 26.58 | 1.64
air)
Group Illn,i)l(Jzts)hours in 11 26.49 | 1.18
In-Vivo G B (24 h . -0.03 -1.598 | 0.07056
roup Il B (24 hours in 11 | 2652 | 1.39
mouth)
Group '\éﬁu(ti)weeks n 11 | 24.94| 132
In-Vivo -0.23 ___|0.31201
i 0.5057
Group IV B (3 weeks in 11 2517 | 1.27
mouth)
Graph 4: Mean “tensile strength” (N) of the chains’
subgroups sstretched by 100% extension of its origgal
length
26.53 26.58 26.49 26.52
27
26.5
26 2494 25.17
25.5 ,
25
24.5

Group IlA (24  Group Il B (24
hours in air) hours in air)

IN-VITRO

Group IllA (24 Group Il B (24
hours in mouth) hours in mouth) weeks in mouth) weeks in mouth)

IN-VIVO

Group IVA (3

IN-VIVO

Group IVB (3
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Graph 5: Mean “tensile strength” (N) of the “elastaneric chains”

Mean Tensile Strength (N)

26.58 26.52
26.66
27 26.53 26.49
26.5
25.17
26
25.5 24.
25 Without Mouthwash (NE)
24.5 )
With Mouthwash (E)
24
Group | Group Il (24 Group Il (24 Group IV (3
(Standard) hours in air) hours in mouth)  weeks in mouth)
® With Mouthwash (E) ®Without Mouthwash (NE)
Graph 6: Mean “elongation” (in mm) of the “elastomeic chains”
Mean "Elongation" (in mm) of "elastoemric chains"
13.95
12.15
16 o84 14.
14 12.
12 9.9
8
10
8
6
4 Without Mouthwash (NE)
2 With Mouthwash (E)
0
Group | (Standard) Group Il (24 hours Group Il (24 Group IV (3
in air) hours in mouth)  weeks in mouth)

® With Mouthwash (E) ®Without Mouthwash (NE)

Page 32



Results

Table 1.1 and Graph 1.1 shows the mean “tensgagth” of the “elastomeric
chains” that were immersed in “mouthwash” whentstred to 100% of their initial
length. When the “tensile strength” of Group | (aseived) “elastomeric chains” is
compared to Group Il A (after 24 hours in the atrjs reduced to 26.53 + 2.05 N, but
not significantly. It was seen that the “tensileesgth” of Group IIl A (26.49 + 1.18
N) is slightly less than the “tensile strength’@ifoup Il A (26.53 £ 2.05 N). “Tensile
strength” was lowered further when compared to @réii A (26.49 +1.18 N),
although the difference was not statistically digant. When the “tensile strength” of
Group IV (24.94 + 1.32 N) was compared to Grouit \vas determined that the
decline was statistically significant (p < 0.05). cAmparison of Group Il A and
Group IV A found that the decrease in Group IV A4.@ + 1.32 N) was statistically

significant (p < 0.05).

Table 1.2 and Graph 1.2 denotes the comparisorelattomeric chains” of
different groups compared when there was no exposur‘mouthwash”. When
Group |1 (26.66 £ 0.95 N) was compared with Group 1(26.58 + 1.64 N) and Il B
(26.52 + 1.39 N), there was no significant redutiimthe “tensile strength”, although
the “tensile strength” of Group IIl B (26.52 + 1.89 was slightly less than Group Il
B (26.58 + 1.64 N). The “tensile strength”, howe&gnificantly decreased in Group
IV B (3 weeks in-vivo). to 25.17 £ 1.27 N when caangd with Group |. After three
weeks in the mouth, there was a statistically §iggmt decrease in Group IV B

(25.17 N) when Group 11l B and Group IV B were caamgd.

Table 2.1 and Graph 2.2 compares the mean “elanga{measured in

millimeters) of the “elastomeric chains” that wenemersed in “mouthwash” after
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they had been stretched by 100%. In all of the gsow statistically significant
increase in percentage “elongation” was seen. Timeuat of increase in the
“elongation” of these “elastomeric chains” after Bdurs in air (Group Il A) was

almost 24%, and in mouth (Group Il A) was 53.3%eTincrease in length is higher
in-vivo as compared to in the external environmefhe highest percentage
“elongation” was seen in Group IV A, i.e., 14.2380.93 mm which was increased
by almost 80% of its original length. When compabetiveen Group Il A and IV A,

it was observed that there was only slight, butificant increase by 16%.

Following 100% “elongation”, Table 2.2 and Grapl2 2ompares the mean
“elongation” (in mm) of the “elastomeric chains”tlvino “mouthwash” exposure. In
all the groups, it was seen that there was sigmifipermanent “elongation”. When
we see, Group Il B, which was tested after 24 hairstretching in the air, the
percentage “elongation” was 23% and in Group IWBich was tested after 24 hours
of stretching in the mouth, the percentage “eloogdtwas 51.9%. which is higher
than Group Il B. However, after 3 weeks of stratghin the mouth, Group IV B had
the highest percentage “elongation”, reaching 18795 1.22 mm, and increased by
74.4 %. When Group 11l B is compared to Group IVtBere is slight, but significant
increase in the percentage “elongation” by 14.8%hictw was observed in

Group IV B.

Table 3 and Graph 3 represents a comparison omten “elongation” (in
mm) of “elastomeric chains” within the subgroupsGroup Il A
represents “elastomeric chains” that were stretébe@4 hours while submerged in

“mouthwash”, and Group Il B represents “elastomectins” stretched for 24

Page 34



Results

hours that had no exposure to “mouthwash”. Theres whght increase in the
percentage “elongation” in Group Il A by 7.3%, altigh this “elongation” was not
statistically significant. Similarly, Group Ill A as compared with Group Il B, and
Group IV A was compared with Group IV B, it was ebsd that there was an
increase in the groups which were submerged in thwash” (i.e., Group Il A and

Group IV A) by 0.9% and 1.9% respectively, but timsrease was not statistically
significant. The highest increase in the “elongatiwvas seen in Group IV A (14.2331
mm), i.e., “elastomeric chains” submerged in “meowdBh” and stretched for 3 weeks

intraorally.

Table 4 and Graph 4 compare “elastomeric chainghiwithe subgroups
based on their mean *“tensile strength” (N). wheroupr Il A (submerged in
“mouthwash” and stretched for 24 hours in the aimyl Group Il B (no exposure to
“mouthwash” and were stretched for 24 hours in & were examined, it was
discovered that the “tensile strength” of the “tdaseric chains” that were submerged
in “mouthwash” decreased slightly, but this dropswaot statistically significant.
Similarly, when Group Ill A (submerged in “mouthwésand stretched for 24 hours
intraorally) was compared to Group Il B and GrdWpA was compared to Group IV
B, a decrease in “tensile strength” was found m ginoups that were submerged in
“mouthwash” (i.e., Group Ill A and Group IV A), h@wer, this decrease was not

statistically significant.

Graph 5 represents the mean “tensile strength” unedsin Newton of the
“elastomeric chains” of all the groups. By thisgiawe can see the “tensile strength”

of Group | is 26.66 = 0.95 N. As we stretched thaico for 24 hours in the air and
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submerged it in “Sodium Fluoride” “mouthwash”, j.&roup Il A, the “tensile
strength” is reduced to 26.53 * 2.05 N and whenrethis no exposure to
“mouthwash”, i.e., Group Il B, the “tensile strenis reduced to 26.58 + 1.64 N. We
can see that the reduction is seen in both subgrduand B but the mean “tensile
strength” is slightly more reduced in Group Il A6(23 £ 2.05 N) as compared to
Group Il B (26.58 £ 1.64 N). When the “elastomeritains” were extended in the
mouth for 24 hours, we observed that the redudtictiensile strength” observed is
even higher. Group Il A (E-chain in the mouth f84 hours and subjected to
“mouthwash”) has a “tensile strength” of 26.49 28 N and in Group IIl B (E-chain
in the mouth for 24 hours and no exposure) hasmsfle strength” of 26.52 + 1.39 N.
A similar pattern is observed here as well. Butoae also observe that the “tensile
strength” tested in-vivo (Group IlIl A and B) arengparatively lesser than the groups
tested in-vitro (Group Il A and B). On further load the chain for 3 weeks
intraorally, we observed that there was a sigmificop in the “tensile strength” with
“mouthwash” (Group IV A = 24.94 + 1.32 N) and withtdmouthwash” (Group IV B
=25.17 +1.27 N).

Graph 6 represents the mean “elongation” measureghiilimeters of the
“elastomeric chains” of all the groups. The meanrgth of the elastomeric chain takes
was 8 mm (Group I). As we stretched the chain #bh@urs in the air and submerged
it in “Sodium Fluoride” “mouthwash”, i.e., Group A, the permanent “elongation”
increased to 9.91 + 1.34 mm (by 24% of its inileshgth) and when there is no
exposure to “mouthwash”, i.e., Group Il B, the ‘f&dation” is increased to 9.84 +

0.20 mm (by 23% of its initial length). We can gbat the reduction is seen in both

subgroups A and B, but the percentage “elongatienslightly more increased in

Page 36



Results

Group Il A (by 24%) as compared to Group Il B (3%2). When the “elastomeric
chains” were extended in the mouth for 24 hourspb&erved that the increase in the
“elongation” was even higher. Group lll A (E-chdmthe mouth for 24 hours and
subjected to “mouthwash”) has a percentage “elamgiadf 53.3% mm and Group I
B (E-chain in the mouth for 24 hours and no expeshas a percentage “elongation”
of 51.9%. A similar pattern was observed here ak Bet we can also see that the
percentage “elongation” tested in-vivo (Group lllaAd B) are comparatively higher
than the groups tested in-vitro (Group Il A and 8 further loading the chain for 3
weeks intraorally, we observed that there was aifgignt increase in the
“elongation” of “elastomeric chains” with “mouthwa’s(Group IV A = 14.23 + 0.93
mm; elongated by 80%) and without “mouthwash” (GrdJ B = 13.95 + 1.22 mm;

elongated by 74.4%).
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DISCUSSION

“Elastomeric chains” gained popularity among oriatists in the 1960s
because of its simplicity of use, reduced chaiestime, low price, and high
flexibility. ' “Elastomeric chains” provide retractive force tmse generalized
spaces or for movement of the teeth into the etitmasite. But they also lead to poor
oral hygiene, get discoloured and suffer from rafwds of force and undergo
permanent deformation as a result of stress retaxatausing a steady loss of its

effectivenesst 571213

Oral hygiene concerns have yet to be resolved Isecati the “elastomeric
chain” stretched around the bracket, which increase likelihood of plaque
accumulation and white spot lesions as the aremti®asily cleansable. White spot
lesions refer to the opacities that are causeddmgimkralization of enamel and are
usually seen in the caries-prone regions arountheket margins and gingival third
of the teeth™ White spots were found in 5-8% to 44% of anterieth and 7.7 to
71% of posterior teeth in patients undergoing attimgic treatment. Given that poor
oral hygiene generally makes successful orthodotméatment challenging, it is
necessary to make the patient understand by dematingta personalised model of
phophylactic measures for their education. Theritlein the saliva and in plaque can
cause remineralization of the enamel and can istaetrsing the early carious lesions.
Hence the use of “Sodium Fluoride” mouth rinses l@sn popularized to reduce the
occurrence of white spot lesions in patients unoiegy orthodontic therapy. As a
result, the orthodontist must understand the tengibperties of the “elastomeric
chains” when used with and without “mouthwash”waedl as the effect of oral fluids

to the internal structure of these “elastomericmm$ia In our study, we have assessed
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the effect of “Sodium Fluoride” “mouthwash” (0.05%i the “tensile strength” and

percentage “elongation” of “elastomeric chains¥Vitro setting and in-vivo setting.

The inability of the “elastomeric chain” to apply aonstant force over a
prolonged period is its most important drawbackweweer, before delving into the
properties of “elastomeric chains” and how the exdeenvironment affects them, it
is necessary to first define the mechanical pragethey possess. Beginning with the
proportional limit, this is the region of the stsestrain curve that follows Hook's law,
which states that stress is always proportionatgrin within the elastic limit. The
elastic limit refers to the threshold point at whithe material reverts to its original
position and shape even after the load applied ts fully removed. Beyond this
point, the load is unable to come back to itsahgiosition; a plastic deformation then
develops. The yield point, also known as the ymléss point, is the point when a
material undergoes irreversible deformation, or mvhié becomes permanently
deformed. The maximal stress that a material canrerbefore failing, or breaking, is
known as the ultimate stress point. Tensile refieis material's characteristic when it
is under tension. The material stretches as a tradulforces that are applied
perpendicular to the axis of force. The term "tlen&irce"” refers to this force. Tensile
stress is caused by the external force exertedmpearea of a material, which causes
it to stretch. “Tensile strength” is the maximunad pulling force, or tensile force
that the material will be able to withstand witholsacturing when stretched.
percentage “elongation” is the amount that a matevould deform plastically and
elastically after stretching or when it has pasted yield point. To calculate the
percentage “elongation”, the final length of thetem@l is compared to its initial
length and multiplied by 100. The “elastomeric disdiare polyurethanes that have an

elastic-like behaviour, i.e., the tendency to cobazk to its initial length when
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stretched. The reduction in entropy brought on lbyagromolecular chain's distortion
from its most likely conformation produces the oesty force that causes this type of
elastic behaviour® Each “elastomeric chain” module swells as a resutiral fluid
absorption in the oral cavity, which may change #pecimen's final length.
Therefore, it is crucial to assess the percentagenfjation” of the “elastomeric
chains” both in-vitro settings as well as in-vivettings to determine how changes in
the internal structure of the modules are occurasgvell as how the presence of oral
fluids affects the degree of deformation. Additibyja‘elongation” of these modules
has been reported to reduce tensile force, thatebseasing the effectiveness of this

system for tooth retractioh.

This study's findings are dependent on time, hawg lihe “elastomeric chain”

was stretched out and maintained, exposure to Usodiluoride” “mouthwash”, and
whether the tests were conducted intraorally osidet which may influence the
tensile properties of the “elastomeric chains”. Tleamsile strength” was measured in

newton (N) and percentage “elongation” was givepencentage (%) and the length

of the elongated chain was measured in millimgiars).

On comparison of the Group | (as received) “elast@aenchain” (Optima
Flexichain Latex-free, USA) to the “elastomeric ictiastretched for 24 hours (Group
II'A, 11 B, lll A, lll B), there was a decrease the “tensile strength” of the chains,
although the decrease was statistically insignific&laides et aP conducted a study
in which they compared the “tensile strength” dfetent elastomeric brands after 24
hours and 3 weeks, where he extended the “elasioetains” to 50% and proposed
that the alteration in “tensile strength” betweba tontrol group (as-received state)

and when the “elastomeric chains” 50% extendedha dir could be caused by
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changes in the molecular arrangement of the compaiehe materials. Our findings
indicate that there was no statistically significdifiference in the internal structure of
the chains after 24 hours, despite the fact thahawe stretched the chain by 100% of
its original length. However, no studies have yeg¢ro done to compare the “tensile
strength” of “elastomeric chains” after 24 hoursraorally or exposed to air. We
found a significant difference in the percentagdorigation” of the stretched
“elastomeric chains” when compared to the groumd-received) samples in this
study. In both in-vivo and in-vitro settings, theange was observed in all groups
after 24 hours with and without “mouthwash”. Thisplies that after stretching
by 100%, the “elastomeric chain” becomes permapetdiformed, i.e., it cannot
come back to its inital length, which will affedtet force applied by the elastomeric
chain for retraction. A number of studies have oamd this type of finding that an
elastomeric chain experiences the greatest amdtiotae loss after 24 hours> %" %>

28 31 gince “elastomeric chains” are frequently usedoithodontic practice, the
problem of “force decay” in elastomeric componeigsof particular interest to
researchers because it presents a serious clisétal on a daily basis. Eliades at'l.
have proposed that the trend toward higher “eloogatseen in open “elastomeric
chains” may be explained by increased load conatoir and subsequent
“elongation” at intermodular link region. In a sguby C. Baratieri et af, they found
that for Memory Chains (manufactured by Americath@dontics, Sheboygan, WI,
USA) and Super Slick Chains (manufactured by TPh@lontics, La Porte, IN,
USA), the force decrease after 24 hours was ndisstally significant. Kersey et
al. *® assessed the strength of elastomeric and foundhéa&force decay” after 1 day
was approximately 17% and the force generated @sssthan what the manufacturer

claimed.According to Mikulewicz et al*, different elastic materials have different
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rates of force relaxation after 24 hours, rangig5.7 to 17.7%. Kim et ai.found
that from 1 hour to 1 day, there was a significémtce decay” for all groups in their
study. “Force decay” in the unstretched controlugrcaveraged 28.7 g (8.0%)
throughout, whereas it varied between 24.3 and 2y/.&.1% to 8.1%) in the
equivalent pre-stretched groups.

In the present study, when Group | (as-receivedpmpared with Group IV A
and B (3 weeks in mouth), it was observed thatethveas a significant decrease in
“tensile strength” of the “elastomeric chains” whisuggests that the “elastomeric
chains” cannot apply substantial forces for movetrwnthe teeth after 3 weeks.
According to a study on “elastomeric chains” byBat al.*®, delivering continuous
force over a 3- to 4-week period with biologicadlyceptable force levels is practical
and affordable. According to Kim et d).changing the “elastomeric chains” before a
4-week interval is not crucial from a clinical sthpoint. We observed that in our
study, the “elastomeric chains” showed a significaercentage “elongation” when
Group Il A (24 hours intraorally with “mouthwashiy compared with Group IV A
(3 weeks intraorally with “mouthwash”) and when Gpolll B (24 hours intraorally
with no exposure) is compared with Group IV B (3eke intraorally with no
exposure). This suggests that the “elastomericnéhanderwent further permanent
deformation, and because of the “elongation” ofrtiedules in the chain, it causes a
decrease in the force that is applied by thesestataeric chains” and further reduces
their efficiency clinically in orthodontic practic8imilar results were obtained for the
“tensile strength”, when Group Il A (24 hours mbrally with “mouthwash” was
compared with IV A (3 weeks intraorally with “mouwtash”) and when Group 11l B
(24 hours intraorally with no exposure) was comgangth group IV B (3 weeks

intraorally with no exposure), we observed a sigaiit decrease in the “tensile
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strength”. This implies that from 24 hours to 3 W&ethe “elastomeric chains” lose
“tensile strength” steadily and gradually, and tmesy be unable to apply significant
forces for tooth movement. C. Baratieri et ‘atoncluded that only enhanced chains
(MC and SSC) can maintain a force system of 10fhgrfor tooth movement after 3
weeks. According to De Genova et 4, Ormco Power Chain (long) produced
significantly low forces after a 21-day intervalhish were insufficient for substantial
tooth movement. In contrast, Rocky Mountain and Qfhodontics produced high
forces initially and maintained force values withire clinically advised ranges for
retraction. However, we believe the reason couldtle reason could be because of
the higher initial forces used, which ranged froa®.8 to 436.0 grams. In contrast,
the force needed to retract teeth is between 18286 grams, so it can be concluded
that there was a significant decrease in force &ftweeks. A study done by Kardach
et al.* agreed that the elastic chains used in orthodéretizment should be replaced
every four weeks so that the force value remaiasaeably constant. According to
earlier studies, a significant permanent of foassloccurred within the first 24 hours,
followed by three weeks of steady and gradual tddsrce.*® 2526 34 3This finding
is consistent with what we observed in our research

In our research, we noticed that stretching “elastac chains” in the mouth
(Group Il and Group 1V) rather than in the air @@p Il) resulted in lower “tensile
strength” and slightly higher values of percentégengation”. This implies that the
tendency toward permanent deformation or weakeafrthe “elastomeric chains” is
more pronounced in an in-vivo setting. This maybleeause saliva is present in the
oral cavity, along with other factors that can etise chains to absorb fluid and
swell, changing their molecular configurations amadising further “elongation” and

hence resulting in loss of force. This has beerficoad by the systematic review by
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Andhare et al.*’, who reported that although the difference wasttistically
significant, more “force decay” was seen in in-vistudies compared to in-vitro
studies. He concluded that the oral environmentidcadfect how quickly elastic
chains/modules lose their force. Huget et?alconcluded from their data that the
concurrent water sorption of the “elastomeric chamght be to blame for the load
decay of “elastomeric chains” for water storagaqukx of 1 and 7 days in their study.
According to Taloumis et al’, samples of unstretched elastomeric ligatures stow
that dimensional changes were partially broughtbgrmoisture sorption, but they
came to the conclusion that it also depended onhils&ness and inside diameter of
the elastomeric materials. The “force decay” oétstned chains which were stored in
air, and water, and placed in the mouth was conadpiard 978 by Ash and Nikol&F.
They claimed that chains kept in air showed sigaiiily less “force decay” after half
an hour as compared to “elastomeric chains” keptmnin vivo environment.
According to a study by Storey and Smith the rate at which in vivo chains
degraded was affected by factors like temperatt@nges in the mouth, salivary
enzymes, oral hygiene practices, and mastication.

According to our present study, it was observed thea “tensile strength” was
not significantly reduced in groups that were sulged in “Sodium Fluoride”
“mouthwash” (Group Il A, lll A and IV A) as compateto unsubmerged groups
(Group 11 B, 11l B and IV B). In a previous studi,was claimed that “mouthwashes”
had a detrimental effect on the “tensile strengthO-rings employed for overdenture
attachment and the force required to deliver orntid “elastomeric chains™ *?In
our current research, when the percentage “elamgativas compared within
subgroups (i.e., Group 1A & 11 B, llA &1l B ad IV A & IV B), it was found that

the difference was not statistically significanyggesting that even though the
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“elongation” is higher in the group exposed to “rttavash”, “Sodium Fluoride”
“mouthwash” has no effect on the plastic deformatd these “elastomeric chains”.
According to Phukaoluan et af, three commercial types of “mouthwash” (Colgate
Plax, Listerine, and Fluocaril) had no impact oe tholecular structure of polymeric
orthodontic ligature ties. The SEM images of themsscopic anatomy of the sample
after “mouthwash” rinsing clearly display topograga changes or the presence of
porous defects. The results also show that ringimeg “elastomeric chains” with
“mouthwash” lowered the maximal force and displaeetm of the samples

substantially>*>°

“Sodium Fluoride” increases enamel remineralizatiand increases its
resistance to acid attack. When weak acids (Hydooft acid) and strong bases
(Sodium Hydroxide) interact, “Sodium Fluoride” ioppuced as a basic inorganic salt.
%5 When exposed to NaOH, a potent alkaline solusome commercial elastic bands
have been shown to have significantly lower maximiamtes, displacement, and
delivery forces.®® This can be attributed to the reason that the afséluoride
“mouthwash” also increases the pH of safi{assuggesting that “mouthwash” pH may
be one of the determining factor$However, when this effect was seen at acidic and

neutral pH levels, it was insignificarit.

According to Menon et af®, when “Sodium Fluoride” (0.04%), a constituent
in PhosFlur “mouthwash”, was used for 28 days,dlveas a “force decay” of 69.4%,
which was within the acceptable range. This is test with the findings of our
study. In another study, three weeks of using “SediFluoride” “mouthwash”
resulted in 57.49% *“force decay”, which was nottisteally significant when

compared to the unexposed groffiThese findings are consistent with the findings
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of our study. Omidkhoda et al. reported “force géaz 24% to 56% within 1 to 28
days after evaluating the “force decay” of “elasémim chains” (Dentaurum) in
“Sodium Fluoride” “mouthwash” and subsequent thesyating. The difference in
their study was highly significant when in comparisto the control group®?

However, the conclusion of this study differs frarhat we observed.

It has been established that permanent deformatays a significant role in
the decay of force of “elastomeric chain&"At low temperatures or high strain rates,
there would be insufficient time to mobilize theagh segments because of which,
slippage does not occur, and elastomeric matsgtpaddlly behaves like a stiff body.
However, the elastomeric material is more flexihel easier to manipulate at higher
temperatures or lower strain rates, and slippagé‘etdstomeric chains” is the
dominant phenomenor:®”'°%3|n the current study, the “elastomeric chain” was
stretched at a rate of 5 mm/min in the Universaiting Machine in this study, which
was significantly lower than the rapid stretching te chain that happens
before chain placement in the patient's mouth. Hewethis rate has been used in
previous studies as well, and we are mainly corezkbmmith the material's long-term
survivability rather than its strength prior to aggqg in the bracket, which varies
depending on the operator. A stretched “elastomehigin” with a high “tensile
strength” is preferable for preventing prematurptute. Because stress can change
the orientation of molecular groupings, greateugal of these mechanical properties

are always preferred for these crystalline polymiers

One of the major drawbacks of in-vitro studieshe tnability to reproduce
fluctuations in intraoral temperature induced byrias foods and beverages

consumed by patients. Therefore, we have concedtra conducting both in-vitro
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and in-vivo studies to study percentage “elongétand tensile properties in both and
to comprehend the effects of the environment. DRespheir disadvantages,
“elastomeric chains” remain a feasible and coseative approach a constant force
with adequate force values for 3-4 weeks so wereaiact/ close spaces. “Elastomeric
chains” have a force-decreasing behaviour thadmgrolled by a range of parameters
like as design, manufacturing methods, environnefiaiegtors, colour, and so on.
Because clinicians must understand the mechanroglepties of any material they
use, this study provides detailed information rdgay the mechanical properties of

“elastomeric chains” when used with and without tifavash”.

One drawback of the study was that there was no efaknowing if the
patient was using “mouthwash” twice daily as insted. As a result, the findings of
our investigation may have been hampered. The drekvivas that the “elastomeric
chains” from the in-vivo groups were sent to theajPtab in Pune in airtight
containers, but we couldn't be sure that the teatpex was maintained, which could
have affected our results. Another drawback is tikatrate of stretching the chain in-
vivo (across the crimpable hooks) and in-vitro ¢asrthe steel finishing nails) may
have resulted in some “elongation” before engagemelowever, because the

experiment was conducted by a single operatohigeewas minimized.
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CONCLUSION

The aim of our study was to evaluate the effectSafdium Fluoride” “mouthwash”

(0.05%) on “tensile strength” and percentage “estiog” of “elastomeric chains” in

the external environment and in the intraoral esrvinent

The following conclusions can be drawn from thespre study:

“Tensile strength” of “elastomeric chains” does ruscrease considerably
after 24 hours of stress i.e., when stretched 9f40f its initial length, but
there is a considerable drop in “tensile strengiftéer 3 weeks intraorally
when used with and without “mouthwash”.

The “elastomeric chains” showed a significant iasee in percentage
“elongation” after 24 hours and 3 weeks, in-vivovasll as in-vitro, with
“mouthwash” and without “mouthwash”.

When used with “mouthwash”, the *“tensile strengtBhd percentage
“elongation” of the “elastomeric chains” do not oha significantly.

When compared to “elastomeric chains” tested iwitre conditions, the
“elastomeric chains” in in-vivo conditions had $lity lower “tensile strength”
and marginally higher percentage “elongation” value

The greatest decrease in “tensile strength” wasctled in Group IV A i.e.,
when the “elastomeric chains” were stretched innttwaith for 3 weeks while
the patient was instructed to use “Sodium Fluoritt@buthwash” (0.05%),
and the greatest increase in percentage “elongatieams recorded in

Group IV A.
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SUMMARY

Orthodontists have always needed to close spaesdedrby permanent
tooth extraction. “Elastomeric chains” are the mefective, simple, and cost-
effective methods of closing these spaces. Theyigedight, consistent forces for
tooth retraction and can aid in the correction afth rotations as well as the
traction of impacted teeth. However, their abilitylose force over time is their

main disadvantage.

Maintaining oral hygiene in patients undergoinghodontic therapy has
been difficult for years. To address this issu¢hadontists always advise their
patients to use “mouthwash”. Many orthodontistsoremend using fluoride-
containing “mouthwashes” because they can minirhigeincidence of tooth
decay and stimulate remineralization of early assiolesions. However,
“mouthwash” may have an effect on the force dejivef the “elastomeric
chains”. Hence, this study was conducted with ihe ta determine the effect of

“Sodium Fluoride” “mouthwash” (0.05%) on the “telesstrength” and percentage
“elongation” of “elastomeric chains” both in the teshal environment (i.e.,

exposed to air) and in-vivo (i.e., intraorally,tire mouth).

We employed 88 samples in this study and dividenthnto 4 groups,
with Group | being the control or as-received saspf the “elastomeric chains”.
The remaining three groups were further subdiviitkal two subgroups A and B.
Subgroup A in Groups Il, lll, and IV was given “ntbwash”, while Subgroup B

had no exposure to “mouthwash”.
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The result showed that there was no significantedihce in “tensile
strength” and percentage “elongation” of “elastamechains” immersed in
“mouthwash” and those with no exposure. The “tenstrength”, however,
decreased significantly in “elastomeric chains’ttiagere subjected to the oral
environment for 3 weeks with and without “mouthwashevertheless, the
percentage “elongation” was increased significamthall the groups suggesting

that the “elastomeric chains” had experienced peanadeformation.
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ANNEXURE- Il - TEST REPORT

1.0Tensile Strength
Machine Specification : Universal testing maehf@omputerized, Software Based)
Company : Star Testing Systems, India., Mo&IS-248
System Accuracy of the machine : £ 1%, C/h Speechm/minutes.
Initial Gauge Length : 8mm

Group 1
(As-received)
Permane Perman Permane
Sr Sampl| Tensile | Permanent nt s | samole Tensile ent nt
No. e Strength | Elongatio | Elongati No. IDp Strength Elonaat Elongatio
| D (N) n (%) on ' Ny | =ond n
(mm) ion (%) (mm)
1| No1| 2665 00 8 12 | No.12 | 27.34 00 8
2 | No2 | 2685 00 8 13 | No.13| 2832 00 8
3 | No3| 2695 00 8 14 | No.14 | 27.04 00 8
4 | No4 | 26.06 00 8 15 | No.15| 26.65 00 8
5 | No5 | 27.24 00 8 16 | No.16 | 27.63 00 8
6 | No.6 | 2695 00 8 17 | No.17 | 26.46 00 8
7 | No.7 | 26.06 00 8 18 | No.18 | 26.95 00 8
8 | No8 | 2685 00 8 19 | No.19 | 26.36 00 8
9 | No.9 | 2342 00 8 20 | No.20| 26.26 00 8
10 | No.10| 27.93 00 8 21 | No21| 26.25 00 8
11 | No.11| 26.16 00 8 22 | No22| 26.15 00 8
Average| 26.66 00 8
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Group : Il A Group : 11 B
24 Hrs. in Air with Mouthwash 24 Hrs. in Air without Mouthwash
Permane Perman Permane| Permane
Sr. Tensile ent Sam | Tensile
No Sample Strengt nt Elonga SI. ple | Strengt nt nt
ID Elongati . No Elongati | Elongatio
h (N) tion ID h (N)
on (%) on (%) | n(mm)
(mm)
1| Nol | 2704| 26.30| 10.104 1 Nol 2626  17.71 2-41€
2| No2 | 2661| 19.03| 95224 3 Nol2 2677 22129769
3| No3 | 27.83| 2923| 9.83¢ i Nol3 2695 2000 96
4| No4 | 2524| 22098| 9.83¢ 4 Nola 2655 2548 10054
5| No5 | 26.06| 26.78| 10.14p 5 No5 2677  23.18 28544
6 | No6 | 2632| 2560| 10.048 68 No6 2667 2676 1014
7| No7 | 27.73| 16.43| 93144 7 Nol7 2734 2245 979
8| No8 | 26.06| 21.69| 9.7590 8 Nos 3038 2522 006
9| No9 | 2616| 2848| 10.278 9 No9 2559 237899024
10| No.10| 26.75| 31.39| 1051 10'\'8'1 24.01 | 2264 | 28112
11| No.11| 26.10| 21.38] 9.710 11'\";'1 2581 | 2375 | 99
Average| 2653 | 24.48 | 9.915 Average 26.58 | 23.02 | 9.8419
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Group : Il A Group : Il B
24 Hrs. in Mouth with Mouthwash 24 Hrs. in Mouth without Mouthwash
Permane Perman
Sr. | Sampl| Tensile | Permanent nt sr | sample Tensile | Permanent| ent
No e Strength | Elongatio . ' P Strength| Elongation | Elongat
Elongati No. ID .
ID (N) n (%) (N) (%) ion
on (mm)
(mm)
1 | No.l 27.93 60.66 12.852 ] No.1 27.42 24.50 9.96
2 | No.2 26.95 58.85 12.708 p. No.2 25.48 45.01 11)60
3 | No.3 27.63 59.19 2.735 3 No.3 25.8\7 64.76 13,18
4 | No4 25.57 62.15 12.972 4 No.4 26.10 51.94 12.155
5 | No.5 25.57 42.71 11.4186 g No.b 26.61 55.65 12.452
6 | No.6 27.34 50.73 12.058 G No.6 27.44 50.02 12.001
7 | No.7 27.63 55.46 12.436 1 No.7 25.77 44.69 11.575
8 | No.8 24.69 45.01 11.60 8 No.8 26.85 52.65 12.212
9 | No.9 26.36 46.32 11.705 q No.9 26.91 62.89 13.031
10 | No.10 24.69 58.85 12.70¢4 10 No.10 26.55 57.56 .60¥2
11 | No.11 27.04 46.84 11.747 11 No.11 26.81 61.8 .94
Average 26.49 53.34 12.267 Average 26.5p 51.95 5281
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Group : IV A Group: IVB
3 Weeks. in Mouth with Mouthwash 3 Weeks. in Mouth without Mouthwash
Perman . Permal
. Perman Tensil | Permane
Tensile nt Sr. | Samp ent
Sr. | Sample ent . e nt
Strengt Elongati No le .| Elongat
No. ID Elongat Streng| Elongatio| .
h (N) ion (%) on ID th (N) n (%) ion
(mm) (mm)
14.208
1 | Noi1 | 2518| 7756 1 | No1| 2734 8568| 14.85:
2 | No2 | 2401| 8240 14°% 2 | No2| 2489 81.79| 1454
3 | No3 | 2489| 8678 1494 3 | No.3| 26.06| 98.74| 15.89
4 | No4 | 23.71| 8083 14466 4 | Nod4| 2459 77.38| 14.19
5 | No5 | 2557| 7993 14.394 5 | No5| 2636/ 8880| 15.10
6 | No6 | 2489| 4520 11.616 6 | No.6| 26.16| 46.49| 11.71
7 | No7 | 26.75| s84.10| 14728 7 | No.7| 24.99| 64.75| 13.18
14.99¢
8 | No.8 | 24.40| 87.44 8 | No.8| 24.79| 57.07| 12.565
9 | No9 | 2254| 7890 143L 9 | No.9| 2263 6253| 13.00
10 | No.10| 27.24| 81.39 14°L 10 | No.10| 24.01| 78.90 | 14.312
11 | No.11| 25.18| 7251 13-800 11 | No.11| 25.08| 76.61 | 14.133
Average| 24.94 | 77.91| 14.2331 Averade25.17 | 74.43 | 13.954

Note : i) % Elongation calculated from followingfoula :

% Elongation : [ (L-LO) / LO ]%00

Where L : Initial Length of sample, LO : Lengtheafremoval from 16mm stretch.
if) Conditioning of samples was done by

Testing is carried out at Praj Metalloay Laboratory, Pune (Maharashtra)
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ANNEXURE — Ill = PATIENT CONSENT FORM

KLE UNIVERSITY’S KLE VK INSTITUTE OF DENTAL SCIENCE S,

BELAGAVI -590010.

CONSENT FORM

EFFECT OF SODIUM FLUORIDE MOUTHWASH ON TENSILE
STRENGTH AND PERCENTAGE ELONGATION OF ELASTOMERIC
CHAINS AT DIFFERENT INTERVALS AFTER ACTIVATION

OPERATOR: DR.

PURPOSE OF THE STUDY: You are requested to take part in a clinical stilndy

is being conducted to assess the changes in meahgnbperties of orthodontic
Elastomeric Chains using sodium fluoride mouthwatstiifferent time intervals. The
results obtained from the study will be used fomleating if sodium fluoride
mouthwash is suitable to be used with orthodongatment and to assess if any

changes in the mechanical properties of Elaston@rains are observed.

PROCEDURE OF THE STUDY: Should you wish to participate, you will be

prescribed a sodium fluoride mouthwash (Colgate)Rlaice daily (i.e., once in the
morning and once at night) for three weeks. You ale to visit our dental hospital
24 hours after and 3 weeks post the ElastomeriégnGilacement in addition to your
regular orthodontic appointments. Elastomeric @hdieing used at a specific stage

of your treatment will be used to assess its machhproperties.
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l, aged have been

informed about my involvement in the study:

1. Il agree to give my personal details like name, ager, address, and the details

required for the study to the best of my knowledge.

2. | am informed about the procedure and that | wid bndergoing the

procedure. | agree and give my consent to the dathiist for procedure.

3. | permit the dentist to utilize the information givby me and results obtained

from this study for presentation and publicationpuse.

4. 1 will not claim any returns for my cooperationtime study, even if it is being

sponsored by any agency. | am participating wighown will and wish.
5. 1 will follow the instructions given by the doctor.

6. During the study, if | wish to resign from the sgudlam free to do so and my

treatment will still be completed in the department

In my full consciousness and presence of mind,r aftelerstanding all the
procedure in my vernacular language, | am willimgl ayive my consent to

participate in this study.
Date:
Place:

Patient's Signature Signature of witness

Page 66



Annexures

FE*Y AT, AT ;O0NT FRE*Y T AN, 83,0,83° e355° tdodder®

By &Y,

¥ Meed —590010

wd N B3
230D 30D 8030 A DP;030VNY ), DEIRRBRTDOT*
ROBONY €30 .05 WO NI, BTV &)e T,
RRCRODNO FRIBTT* N ROBoTDNYD
e3a30CE30°: TFo.

93 0NTT AT £T:

)T BEDONNPE). BRLEBONO0 Fa).TyTe a39°0T° a30T° 9T, WY ABTROTBY
eSBRLETWI0EIT®  DEVARENDT® WA <& OI00ZT TEOOFTLINY
WBOOBBNF),  DEANRD) SBRIMITE w0 33;T353LOD
e9RsONTTE). ZIONBORE) e, edS03RINT. 9F;0DSDOT
BRBT FOIVOINYI, APCRBONO FRLGE w503 oF¥ O,
3P PCEBO0E3T 333 ,ABRODR ¥R BN NBANE D3I,
ROVRRENDT® D, N 2 OP0ZT  THROFONTE). DVTTR
WBOTHBNFI), TOBITRF,LINTOANC  DOWITI),  e35°D5e300e3
WD) WFROIMI .

(SIANOWNARNIADLTNE

A N3 RE) WODNAWT, 2DRT) WOONY T DIT, DT 20D
(903, BLR,, 203, To.) 20T 230D) ALLEONO FR LT, aN°3° 0°
(BRCS3LEF RBETI) €930, DPOCAY TOBERTHZE. e, D0ONeNI
3P PCETBO0EST 9DIONN0E3 0 N¥ BRI VAR NDT By°
RIROEF S S03TTW 24 NOEINY S03T DI, 3 WONY S03T A
S, B03 37 3R 330E3 BTRBWLXTNITE. D, B33,00 ADER,,
BOIRTE), WFROMTE DCRARINOT INYS), W3 O30T
MOTEINFT ), 237052300 e300 WFAMIT.

Page 67



Annexures

-9
0%,

13

50

e
\

n
13
)

o ATTI0TI4N

o ——
o~ 0

D9 =2 o2
'u@JCSQ@N.

—o
W COA)

SBORNTRODN N

L DO WBIBOROT, 6.

9]

S

~

TLIRNS

5. 3,403:00 delT

TRTOS

o)
e
3

@C ucs

BN 233,

Page 68



Annexures
STt —590010.

| IR
TP IR AT SRR q-T Kbt AU SAE RIS TRges it
chdhaR] dIGdIUIEeR HI3YdIRId R0y

REINCZE
SHITITE] 3G

JrRISTT iR UIRATHYY el daclid GaaHId HRUERIST Dl
ST dege 1 ST JeHTT o af-dt del ord. efm HaRRs
URHYAR  SHRYUSHeld ITARME RO i 38 &1 drd g
3MTed T U YAGHIY HRUETST STHETIT HiosTae ey aToRa S,

STHI GRBRAT:

SR JHETA TEHTTT qgd 3¥d R U o TSISTNTa! gfaddrdd aiHal
AeH HARES ATSHYAIR (BITRIC Jadd) died afd Sed. Jad@l ARHfd
B 24 A MU 3 EISIHR U el dFld. Il IYART
IR @R IR SR dddid JraSAT @l dicRid OIERAR

c(dich1 HRUGRITS! JTORHT STl
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